Structural dynamics of myoglobin: ligand migration and binding in valine 68 mutants.
We have combined Fourier transform infrared/temperature derivative (FTIR-TDS) spectroscopy at cryogenic temperatures and flash photolysis at ambient temperature to examine the effects of polar and bulky amino acid replacements of the highly conserved distal valine 68 in sperm whale myoglobin. In FTIR-TDS experiments, the CO ligand can serve as an internal voltmeter that monitors the local electrostatic field not only at the active site but also at intermediate ligand docking sites. Mutations of residue 68 alter size, shape, and electric field of the distal pocket, especially in the vicinity of the primary docking site (state B). As a consequence, the infrared bands associated with the ligand at site B are shifted. The effect is most pronounced in mutants with large aromatic side chains. Polar side chains (threonine or serine) have only little effect on the peak frequencies. Ligands that migrate toward more remote sites C and D give rise to IR bands with altered frequencies. TDS experiments separate the photoproducts according to their recombination temperatures. The rates and extent of ligand migration among internal cavities at cryogenic temperatures can be used to interpret geminate and bimolecular O2 and CO recombination at room temperature. The kinetics of geminate recombination can be explained by steric arguments alone, whereas both the polarity and size of the position 68 side chain play major roles in regulating bimolecular ligand binding from the solvent.